While the vast majority of the literature reports momentum profitability to be overwhelming in the U.S. market and widespread in other countries, this paper finds that the pure momentum strategy in general does not yield excess profitability in the Chinese stock markets. We find instead strong mean reversion. A pure contrarian investment strategy produces positive excess returns and in general outperforms the pure momentum strategy. Momentum interacts with mean reversion. A strategy based on the rolling-regression parameter estimates of the model combining mean reversion and momentum generates positive excess returns in all cases, most of which statistically significant. The combined strategy outperforms both pure momentum and pure contrarian strategies. The strategy loads positively on the market risk factor, but the beta risk explains only a relatively small part of the excess return. Nor is transactions cost a dominant factor in explaining the excess profitability.
Introduction
Financial economists have documented a number of anomalies in the stock market. Among these anomalies, two of them have received particular attention over the past decade, that is, longterm mean reversal and short-term momentum in equity returns. Jegadeesh and Titman (1993) first report that equity returns exhibit short-term continuation. They demonstrate that a momentum strategy of sorting firms by their previous returns over the past 6-9 months and holding those with the best prior performance and short selling those with the worst prior performance generates an excess return of about one percent per month for U.S. stocks. This finding has motivated numerous researchers to study momentum in other markets and/or other sample periods, including Jegadeesh and Titman (2001) , Rouwenhorst (1998) , Chan, Hameed and Tong (2000) , Grundy and Martin (2001) , Griffin, Ji and Martin (2003) , and Patro and Wu (2003) , among many others. On the other hand, another strand of literature documents that equity returns are negatively serially correlated and stock prices have a tendency to revert to their trend lines over the long horizons. See Fama and French (1988) , and Poterba and Summers (1988) . DeBondt and Thaler (1985) show that a contrarian investment strategy that buys the worst-performing stocks and short sells the best-performing stocks over the previous 3-5 years can generate excess profitability over the next 3-5 years. These results have stimulated other researchers to test for mean reversion and to investigate the profitability of contrarian-based strategies in other context. See, for example, Chopra, Lakonishok, and Ritter (1992), Richards (1997) , and Balvers, Wu and Gilliland (2000) .
The purpose of this paper is to study momentum and mean reversal in the Chinese stock markets. This research is interesting for several reasons. First, while numerous previous researchers document the profitability of momentum-based trading strategies, most of them focus on developed (matured) markets. 1 The Chinese stock markets were first established in the early 1990's and have since been rapidly growing in terms of the number of traded companies, trading volume and market capitalization. Over the past decade, the performance of the Chinese stocks may be characterized as high returns and excessive volatility, as compared to stocks traded in more matured markets, such as the United States. It is of particular interest to investigate whether these two anomalies, momentum and mean reversal, which are first documented for the U.S., also exist in this young emerging market. Second, most previous researchers study momentum and mean reversion separately. In a recent paper, Balvers and Wu (2003) demonstrate that mean reversion and momentum can simultaneously occur to the same set of assets and that it is important to consider the interaction between the two. Using data for equity market indexes for 18 developed countries, they
show that mean reversion and momentum are in fact negatively correlated. Furthermore, controlling for mean reversion extends the duration of momentum and combining mean reversion increases the speed of reversion. Following Balvers and Wu (2003) , this paper adapts a simple time-series model to capture both the short-term and long-term dynamics of Chinese stock prices in a unified framework. Pure mean reversion and pure momentum can be treated as special cases that are nicely nested in the general specification. We use the model to study the relative importance of momentum and mean reversion and the profitability of the associated investment strategies in Chinese stock markets.
To summarize the result at the outset, using daily data for all "A" share stocks traded at the Shanghai Stock Exchange (SHSE) from its inception (December 12, 1990) to December 31, 2001, we find the pure momentum strategy of Jegadeesh and Titman (1993) in general does not produce significant excess returns for the arbitrage portfolio of buying the top decile portfolio and short selling the bottom decile portfolio, for the cases of sorting the stocks based on prior 3-12 months returns and holding the stocks for 3-12 months. On the other hand, we find mean reversion to be more important. A pure contrarian strategy yields positive excess returns for the arbitrage portfolio for all relevant holding periods, and it beats the pure momentum strategy for 40 out of 42 cases considered. The excess returns are statistically significant at the 5% level for holding periods of 6-12 months. Adding momentum to mean reversion greatly improves the performance of the arbitrage portfolio. In particular, the combined strategy outperforms the pure momentum strategy for all relevant cases (3-12 months ranking and 3-12 months holding periods) originally studied by Jegadeesh and Titman (1993) . Our baseline case (12-month ranking and 12-month holding) produces an annualized excess return of 22.2%, which is statistically significant at the 5% level. The arbitrage portfolio has a positive loading on the market risk factor, but the beta risk in general explains less than half of the excess returns. The findings for the "A" share stocks traded at the Shenzhen Stock Exchange (SZSE) are even stronger.
The paper proceeds as follows. Section I spells out the model and discusses estimation issues.
Section II describes the data and presents some summary statistics of the data. Results on pure momentum strategies are displayed in Section III. Section IV reports the results from the pure contrarian strategy and the combined strategy of momentum with mean reversion. Section V conducts a number of robustness checks and the final section concludes the paper.
I. A Parametric Model Combining Momentum with Mean Reversion
Following Fama and French (1988) and Summers (1986) , we decompose the price of a stock into two components: one permanent and one transitory. is possible to put the above model in a state-space format and to estimate the two unobservable components through the Kalman filter. However, this will significantly increase the computational burden. We instead use the value-weighted market index as a proxy for the permanent component.
With this assumption, the temporary component is simply the difference between the log of stock i's price and the log of the value-weighted market index price and the model can be easily estimated using simple linear regressions.
The temporary component x i t is assumed to possess short-term momentum and long-term mean reversion as follows:
In equation (2) for all j, we obtain the pure momentum case of Jegadeesh and Titman (1993) . The value-weighted and equally-weighted market indexes for the SZSE are also collected. We proxy the risk-free rate by the short-term bank interest rate obtained from IMF's International Financial Statistics (line 92460ZF). The interest rate data is monthly at source and is interpolated into the daily frequency. Table I presents some summary statistics of daily stock returns of the two data sets. They include cross-sectional distributions for the mean return, standard deviation, Sharpe ratio, sample size, market capitalization and market beta for the individual stocks traded in both markets. The corresponding statistics for the value-weighted and equally-weighted market indexes are also reported. There are in general large cross-sectional variations in these statistics. Among the 637 stocks traded at the SHSE, the mean daily return rate ranges from -0.91% to 0.34%, with the median of 0.08%. Over the full sample period, the mean daily return for the value-weighted average of the Shanghai market is 0.15%, and for equally-weighted average is 0.23%. The cross-sectional dispersion for the standard deviation for these stocks is even bigger, ranging from 1.45% to 10.46% with a median of 2.67%, while the value-weighted and equally-weighted market indexes have standard deviations of 3.43% and 3.90%, respectively. Over the same sample period, the mean daily return on the value-weighted New York Stock Exchange (NYSE) index is 0.056%, and its daily standard deviation is 0.85%, while the corresponding numbers for the equally-weighted NYSE Index are 0.064% and 0.62% (not reported in the table). These numbers indicate that the daily mean returns of the SHSE market indexes are about 3 times as large as the NYSE, but the standard deviations are around 4-6 times as large as the NYSE. Results reported in the lower panel of Table I for stocks traded at the SZSE tell a similar story. Overall, Chinese stocks over the last decade can be characterized as high return and excessive volatility.
II. Data and Summary Statistics

III. Profitability of Pure Momentum Strategies
In this section, we report evidence on the profitability of pure momentum trading strategies.
As demonstrated in Section II, the pure momentum model can be treated as a special case of our flexible parametric model (2) by setting 1 = i δ and 1 = i j φ for all j. We consider various combinations of ranking periods (J) and holding periods (K). In addition to those combinations (J, K=3, 6, 9, 12 months) originally investigated by Jegadeesh and Titman (1993) , we add the cases of 1-week ranking period and 1-day and 1-week holding periods. Our experiment follows Jegadeesh and Titman (1993) . At the beginning of each period t, all stocks are ranked in ascending order on the basis of their returns in the past J periods. We then form ten decile portfolios, each of which is an equal weighted average of all stocks contained in that decile. The top portfolio is denoted by "Max"
and the bottom portfolio is denoted by "Min." We follow Jegadeesh and Titman (1993) to examine portfolios with overlapping holding periods. In order to make the results from pure momentum strategies comparable to those from the combined momentum and mean reversion strategies to be presented in the next section, we start forming our momentum portfolio at 1/3 of the sample (on July 15, 1994). The first 1/3 of the sample is needed to obtain reasonably accurate estimates of the model parameters for our combined strategies. Table II reports the results on the performance of pure momentum trading strategies for all "A" share stocks traded at the SHSE. We report the mean return of the top decile portfolio ("Max"), the excess return of the top decile portfolio over the bottom decile portfolio ("Max-Min"), the excess return of "Max" over the value-weighted market portfolio ("Max-vw mkt"), and the excess return of "Max" over the equally-weighted market portfolio ("Max-ew mkt"). All return measures are annualized. The corresponding t-ratio for each trading strategy is also presented. For the "Max-Min" strategies, t-ratios in bold face and italicized denote statistical significance at the 10% level or better using a two-sided test.
Overall, these results are rather mixed concerning whether momentum profitability exists.
There are altogether 42 different combinations of (J,K), among which 15 cases have negative excess returns on the momentum strategy ("Max-Min"). Furthermore, using a two-sided test, we find that three of these 15 cases are significantly negative at the 5% level (J=1 week, K=1 day; J=1 week, K=1
week; and J=3 months, K=1 day), and two of them are significantly negative at the 10% level (J=9 months, K=1 day; and J=12 months, K=1 day). Of those cases which have positive excess returns, only two are significant at the 5% level (J=1 week, K=12 months; and J=3 months, K= 12 months), and three are significant at the 10% level (J=1 week, K=9 months; J=3 month, K=9 months; and J=1 months, K=12 months). Interestingly, for the cases that Jegadeesh and Titman (1993) and others find momentum to be the strongest (namely J, k=6 months; and J, K=9 months), we do not find the excess returns to be significant, albeit the point estimates of returns are both positive. While the momentum portfolio in general does not produce significant excess returns in the vast majority of cases, the top decile portfolio does yield a higher return than the value-weighted market portfolio in many cases when the ranking period is shorter than 6 months, and the top decile portfolio significantly beats the value-weighted market portfolio at the 10% or better in 5 out of 7 cases when J=1 week. These results suggest that the momentum strategy seems to pick the winning stocks more accurately than to pick the losing stocks.
The evidence against a pure momentum strategy from stocks traded at the SZSE is stronger, as can been seen from Table III . First, of the 42 cases investigated, 30 have negative excess returns for the momentum portfolio. Six of these excess returns are significantly negative at the 5% level (J=1 week, K=1 week; J=3 months, K=1 day; J=3 months, K=1 week; J=9 months, K=1 day; J=9 months, K=1 week; and J=12 months, K=1 day), and two of them significant at the 10% level (J=3 months, K=1 months; and J=6 months, K=1 day). For the 12 cases that produce positive excess returns, none of them are significant at the 10% level. Furthermore, we find the excess returns to be negative for the two cases (J, K = 6 months and J, K = 9 months) where previous researchers find momentum to be the strongest in other markets. Similar to the Shanghai market, the winning decile portfolio yields a higher return than the value-weighted market portfolio in a number of cases when the ranking periods are relatively short.
In summary, while the extensive literature reports that momentum is pervasive and widespread across equity markets and time periods, the results reported in this section do not by themselves make a strong case for the profitability of pure momentum investment strategies in the Chinese equity markets. These results are consistent with Griffin, Ji and Martin (2003) who use a smaller sample of Chinese stocks (253 stocks from July 1994 to December 2000) and report that the excess return for the momentum strategy of (J, K = 6 months) is close to zero.
IV. The Profitability of the Combined Strategies
If equity prices also display long-term mean reversion, then the mean reversal effect can interfere with short-term momentum. In this case, estimation of momentum without controlling for mean reversion will be distorted, rendering the pure momentum strategy unprofitable, even if momentum does indeed exist. We suspect this may be the case for Chinese stocks. While it is possible to examine the long-term mean reversion effect within the nonparametric framework of DeBondt and Thaler (1985, 1987) , who use a 3-5 years ranking period and 3-5 years holding period to investigate the profitability of a contrarian strategy for U.S. equities, Balvers, Wu and Grilliland (2000) demonstrate that a parsimonious parametric model can be used to better characterize longterm mean reversion and that a trading strategy based on forecast obtained from a rolling regression yields better portfolio returns than the nonparametric approach. It is this parametric rollingregression approach that we adapt here to examine the profitability of contrarian and combined strategies.
Starting at 1/3 of the sample, we use rolling regression parameter estimates of equation (2) to forecast the expected return for the upcoming period for each stock. We then rank all stocks in ascending order according to their expected returns for the upcoming period. We buy 10% of the stocks with the highest expected returns and short sell 10% of the stocks with the lowest expected returns, based on equation (2) and using parameters estimated from prior data only.
We first examine the case of pure mean reversion. This is done by setting all momentum parameters 0 = i j φ in equation (2), leaving µ i and i δ the only parameters to estimate. The top panel of Table IV reports the performance of the pure contrarian strategy for SHSE stocks, from which several observations can be made. First, the pure mean reversion strategy produces a positive excess return for all holding periods. Furthermore, the excess returns are statistically significant at the 5% level for K=6, 9, and 12 months, and at the 10% level for K=3 months. Second, these return measures are economically important ranging from 3.1% to 22.8% per year, with the average of 11.6% per year. Third, the top decile portfolio "Max" beats the value-weighted market portfolio at the 5% significance level for all holding horizons. The return of the top decile portfolio is also higher than the equally-weighted market return for all holding periods except K=1 month. Fourth, compared to the results of the pure momentum strategy in Table II , for each holding period K, the pure mean reversion strategy in general produces higher excess profits than the corresponding pure momentum strategy regardless of the number of momentum lags used. The only exceptions are the cases of J=1 week and 1 month, and K=1 month, where the pure momentum strategy yields slightly higher returns than the pure mean reversion strategy.
The top panel of Table V displays the performance of pure mean reversion strategy for the SZSE stocks. While the excess return of the contrarian strategy is statistically significant at the 10% level in only one case (K=3 months), these excess return numbers are in general economically large with the average annual excess return of 8.69% across the 7 holding periods. Furthermore, the top decile portfolio beats the value-weighted market portfolio at the 5% significance level, and the equally-weighted average market index (albeit not statistically significant) for all holding periods.
More impressively, at each holding horizon, the pure mean reversion strategy outperforms all pure momentum strategies.
The above results suggest that mean reversion exists and may indeed be stronger than momentum in Chinese stocks. We next investigate whether accounting for mean reversion and momentum simultaneously can further improve the performance of the trading strategy. To this end, we estimate model (2) with momentum terms added. To increase estimation efficiency, we constrain the momentum parameters to be the same, i.e. we set i i j φ φ = for all lags j. Similar to the previous experiment, we start the forecast period at 1/3 of the sample on July 15, 1994 and update parameter estimates as we roll the sample forward.
Panels 2 to 7 of Table IV show the results from the combined mean reversion with momentum strategy for the SHSE stocks. The momentum lags selected are the same as those in the pure momentum cases discussed in Section III above. Several comments are noteworthy. First, the excess returns of the trading strategy ("Max-Min") are positive in all 42 cases, regardless of the number of momentum lags selected and the length of holding periods used. Furthermore, 13 cases are statistically significant at the 5% level or better and 10 additional cases are significant at the 10% level (all in bold face and italicized). Second, these figures are in sharp contrast with those from pure momentum trading strategies reported in Table II . A comparison case by case reveals that the excess profitability from our combined strategy with mean reversion is higher than the pure momentum strategy in all but three cases (J=1 week, K=1 months; and J=1 month, K=1 week; and J=1 month, K=1 month). These results indicate the important role played by the mean reversion factor. Third, the top decile portfolio generates higher returns than the value-weighted market index in all 42 cases, and than the equally-weighted average index in 26 out of 42 cases. Furthermore, in 35 out of 42 cases, the top decile portfolio beats the value-weighted market portfolio at the 5% significance level.
Fourth, compared with the pure mean reversion case, we find that the excess returns of the combined strategy are higher in numerous cases especially when the momentum lag is long. For each holding period (K), we average the excess returns of the combined strategy across six different momentum lags. This yields the average returns of 11.61%, 5.36%, 6.57%, 9.76%, 14.50%, 18.86% and 21.76%, for K=1 week up to 12 months, respectively, for the combined strategy. Five out of seven are higher than the corresponding figures from the pure mean reversion strategy. This simple comparison justifies the benefits of adding momentum into the mean reversion model. Panels 2 to 7 of Table V report the results of portfolio performance for the combined trading strategy for the SZSE stocks. Overall, these results are stronger than those from the SHSE stocks.
First, the combined strategy yields positive excess returns ("Max-Min") for all ranking and holding periods. Of the 42 cases examined, the excess return is statistically significant at the 5% level for 19 cases, and at the10% level for an additional 9 cases. Second, compared to the pure momentum case in Table III , the strategy combining momentum with mean reversion produces higher excess returns for all ranking and holding periods. Third, to make a comparison with the pure mean reversion strategy, for each holding period (K) we compute the average excess return of the combined strategy over all ranking periods (J). This yields the average excess return figures of 20.85%, 14.87%, 13.68%, 15.43%, 13.00%, 14.07%, and 14.55% for the holding periods K=1 day up to 12 months, respectively. Quite strikingly, each of these numbers is higher by a substantial margin than the corresponding one for the pure mean reversion case. Fourth, most impressively, the top decile portfolio generates a higher return than both the value-weighted and equally-weighted market portfolios regardless of ranking and holding periods. Furthermore, the top decile portfolio beats the value-weighted market index at the 5% significance level in all 42 cases.
In sum, the evidence presented in this section suggests that Chinese stocks exhibits strong mean reversion, and mean reversion can indeed be more important than momentum. The existence of mean reversion may interfere with short-term momentum and it is necessary to control for mean reversion when estimating the duration and impact of momentum. A strategy combining momentum and mean reversion in a unified framework produces higher returns than the pure mean reversion strategy which in turn outperforms the pure momentum strategy.
V. Robustness of Results
The previous section documents the success of the simple two-component time series model of stock prices, which combines short-term momentum and long-term mean reversion in equity returns. In this section, we conduct a number of robustness checks for the model. We take as the baseline case of the combination strategy with mean reversion and 12-month momentum and 12-month holding period, and do a number of experiments on this baseline model. First, Jegadeesh (1990) and Lehmann (1990) report that for very short ranking and holding period, reversion rather than momentum is observed in U.S. equity market. These authors argue that this phenomenon could be caused by bid-ask bounce and/or infrequent trading. Other authors (e.g. Berk, Green and Naik (1999)) suggest extreme returns signaling changes in systematic risks as a possible explanation. Accordingly, researchers suggest skipping one period between the portfolio ranking and holding periods. In our case, we form the strategy portfolio one day after the stocks are ranked.
Second, the results reported so far are all based on sorting stocks into 10 decile portfolios.
While this is common practice for studies using U.S. data, we acknowledge that the total number of stocks in the Chinese markets is far smaller than in the U.S. markets, and each decile may contain too few stocks especially in the early part of the sample. We therefore consider sorting stocks into 3 and 5 equal-sized portfolios and study the excess return of buying the top portfolio and shorting the bottom portfolio. We also sort the stocks into 20 equal-sized portfolios and document the excess return of the top-bottom portfolio to see whether certain outliers in the extreme portfolios can significantly affect our results.
Third, we check how systematic market risk and transactions costs affect our strategy returns.
Table VI reports these results for the SHSE stocks where the baseline case is replicated here for easy of comparison. Our baseline case produces a 22.2% annualized excess return which is significant at the 5% level. This portfolio does load positively on the market risk factor (with beta = 0.497). Correcting the risk premium due to the positive factor loading, we find the risk-adjusted excess return (the alpha) to be 11.2%. Therefore, market risk accounts for nearly 50% of the excess return. This is in stark contrast with previous studies using data from other markets, such as Jegadeesh and Titman (1993) , Grundy and Martin (2001) , Chordia and Shivakumar (2002) , Chan, Jegadeesh and Lakonishok (1996) , Balvers, Wu and Grilliland (2000) , and Rouwenhorst (1998) .
These authors report that the simple market beta risk explains virtually nothing of the excess return, and in many cases the excess return has a negative market factor loading. Our top decile portfolio produces a higher Sharpe ratio than the value-weighted market portfolio but a lower Sharpe ratio than the equally-weighted market index. Our strategy involves an average portfolio turnover rate of 88% per year, a relatively low number. Apparently, a reasonable transactions cost per trade, say 1-2%, will only reduce a small portion of the total excess return. Therefore, transactions cost itself does not provide an obvious explanation of the excess profitability.
Skipping one day between the ranking and holding periods slightly reduces the excess return to 20.8%, which is statistically significant at the 10% level. The risk-adjusted return also decreases by the same amount (to 9.8% per year). Therefore, the bid-ask bounce or other micro-structure biases are unlikely to be the important factors affecting our results.
Sorting stocks into 3 portfolios does significantly reduce the excess return. The 11.8% annualized return is now statistically insignificant. Furthermore, the risk-adjusted return becomes a much smaller 4.9%. However, sorting stocks into 5 portfolios produces an excess return of 17.4%, which is significant at the 10% level, and a risk-adjusted return of 9.0%, similar to the baseline case.
Finally, a much finer sort of stocks into 20 portfolios dramatically increases the excess return to 35.2%, which is significant at the 1% level, with a large risk-adjusted return of 20.0%. These results accord well with intuition and demonstrate that our simple two-component model combining momentum and mean reversion characterizes the dynamics of Chinese stock returns reasonably well. Table VII reports the results for robustness checks for the SZSE stocks. These results are qualitatively similar to those for the SHSE stocks and in general stronger quantitatively. In particular, we find that the beta risk in general explains a smaller proportion of excess returns than for the SHSE stocks.
VI. Summary and Conclusions
The purpose of this paper has been to investigate whether momentum and/or mean reversion exists in the Chinese stock markets. While the vast majority of the literature reports momentum profitability to be overwhelming in U.S. equity market, and widespread in other countries, we find that the pure momentum strategy produces quite weak and in some cases even negative excess profitability in the Chinese stock markets. This is especially the case for the intermediate-term sorting and holding periods (6-9 months), which many researchers find momentum to be the strongest.
On the other hand, we find strong mean reversion in the Chinese stock markets. A pure parametric contrarian investment strategy produces positive excess returns for all holding periods and the pure contrarian strategy in general outperforms the pure momentum strategy. The existence of mean reversion does not by itself preclude short-term momentum. Instead, we find momentum interacts with mean reversion. A two-component model for stock price provides a parsimonious characterization of these two effects and their interactions. A strategy based on the rolling-regression parameter estimates from the model generates positive excess returns in all cases, most of which statistically significant. This combined strategy in general outperforms both the pure momentum strategy and the pure mean reversion strategy. The strategy loads positively on the market risk factor, but the beta risk explains only a relatively small part of the excess return. Nor is transactions cost a dominant factor explaining the excess profitability.
Future research needs to investigate the sources of excess profitability and to seek plausible explanations for the abnormal returns. In particular, can the excess returns be explained by a rational asset pricing model, or are they primarily caused by some kinds of behavioral biases, as advocated by Daniel, Hirshleifer, and Subrahmanyam (1998) , Barberis, Shleifer, and Vishny (1998), and Hong and Stein (1999) . We are currently working towards that direction. This table reports the mean returns (annualized) and t-ratios of Max, Min, Max-Min, Max-vw Market, and Max-ew market portfolios, where Max is the top decile portfolio, Min is the bottom decile portfolio, and vw Market and ew Market are the value-weighted and equally-weighted averages of all "A" shares traded at the Shanzhen Stock Exchange. The strategies considered are pure momentum strategies described in Jegadeesh and Titiman (1993) . J denotes the number of momentum lags, and K denotes the holding period. The sample covers the period from July 3, 1991 to December 31, 2001 with 2615 daily returns observations and 503 stocks. Forecasting starts on July 15, 1994 and ends on December 12, 2001 with 1816 trading days. Numbers italicized and in bold face denote statistical significance at the 10% level or better using a 2-sided test.
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